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Assessment of a phenotypic algorithm to detect plasmid-mediated quinolone resistance in Enterobacteriaceae José -Manuel Rodríguez-Martínez 1,2 *, Lorena Ló pez-Cerero [1] [2] [3] , Paula Díaz-de-Alba 1 , Francisco Javier Chamizo-Ló pez 4 , Juan Polo-Padillo 5 and Á lvaro Pascual 1-3 3 is attained with additional chromosomal mutations or the acquisition of PMQR. In the case of isolates harbouring PMQR, but lacking QRDR mutations, these determinants confer low-level resistance to quinolones and/or fluoroquinolones and molecular tests are needed to detect it. The detection of PMQR usually takes up to six PCRs. There are to date no specific phenotypic tests for the detection of PMQR mechanisms. The current prevalence of PMQR seems to be increasing. 2 The aim of this study was to determine the capacity of phenotypic detection of PMQR in Enterobacteriaceae with low-level quinolone resistance (LLQR) without modifications at the QRDR. This phenotype has been reported mainly in Salmonella. 4 To assess this issue, a sample size of 49 positive cases and 49 negative cases was estimated necessary for a 95% CI, proportion expected of 85%, and estimation accuracy of 0.1, using NQuery Advisor. In our study, 99 (57 Klebsiella pneumoniae, 27 Escherichia coli, 7 Enterobacter cloacae, 2 Klebsiella oxytoca, 1 Enterobacter aerogenes, 1 Citrobacter koseri, 1 Citrobacter freundii, 1 Morganella morganii, 1 Proteus mirabilis and 1 Serratia marcescens) isolates (of 10874 clinical isolates of Enterobacteriaceae) were selected during October 2012 to June 2014. They were susceptible to nalidixic acid, MIC ≤16 mg/L, and showed reduced susceptibility to ciprofloxacin, MIC¼1-2 mg/L, on a Wider C095-31WREV1 panel (Soria Melguizo). The panel included the following quinolones and concentrations: nalidixic acid 16 mg/L and ciprofloxacin 0.12-1-2 mg/L. Ten additional enterobacterial isolates (3 K. pneumoniae and 7 E. coli) fully susceptible to quinolones were included as controls.
Antibiotic susceptibility testing was performed by both microdilution and disc diffusion tests as follows: susceptibility to ciprofloxacin and nalidixic acid was determined by disc diffusion (http:// www.eucast.org/) and microdilution; 3 and susceptibility to norfloxacin, ofloxacin, moxifloxacin and levofloxacin was determined by microdilution. After microdilution (Table S1 , available as Supplementary data at JAC Online), MIC values ranged between 2 and 64 mg/L for nalidixic acid and between 0.03 and 4 mg/L for ciprofloxacin, so that 93% of isolates could be defined as included in this low-level ciprofloxacin-resistant phenotype.
To investigate this LLQR phenotype with no mutations in the genes coding for type II topoisomerases (data not shown), the isolates were screened by PCR for qnr (qnrA, qnrB, qnrC, qnrD and qnrS), aac(6 ′ )-Ib-cr, qepA and oqxAB genes. 5 For K. pneumoniae isolates, the presence of oqxAB genes in plasmids was confirmed by blot hybridization since that species naturally harbours those genes. 6 No PMQR genes were identified for the 10 fully susceptible isolates. For the LLQR phenotype, 51 isolates (51%) harboured at least one PMQR mechanism. qnrS-like genes were the most prevalent (25 isolates, 49% of all PMQR-positive isolates) followed by qnrB-like (20, 39%), aac(6 ′ )-Ib-cr (9, 18%), oqxAB (6, 12%), qnrA-like (2, 4%) and qnrD-like (2, 4%). The presence of at least two PMQR genes in the same isolate was observed in 13% of the collection.
Using IBM w SPSS w Statistics 20.0, receiver operating characteristic (ROC) curves were constructed for the 99 isolates with an LLQR phenotype to assess the sensitivity and specificity for PMQR detection according to susceptibility data. Ciprofloxacin MIC AUC was compared with the other quinolones using the Delong's test (P, 0.05 indicating significance). ROC curve analysis of MIC values showed that the maximum sensitivity/specificity combinations for detecting a PMQR determinant were ≥0.25 mg/L for ciprofloxacin (94%/85%, AUC 0.932), ≥0.5 mg/L for ofloxacin (94%/79%, AUC 0.867, P ¼ 0.013), ≥0.5 mg/L for norfloxacin (94%/79%, AUC 0.878, P ¼ 0.008) ≥0.5 mg/L for levofloxacin (86%/89%, AUC 0.918, P¼ 0.098) and ≥1 mg/L for moxifloxacin (90%/92%, AUC 0.947, P ¼ 0.195) (Figure 1 ). Disc diffusion showed the maximum sensitivity/specificity combinations for detection of the PMQR determinant were ≤27 mm for ciprofloxacin (82%/83%, AUC 0.882) and ≤19 mm for nalidixic acid (88%/88%, AUC 0.909), and only one isolate yielded a nalidixic acid inhibition zone ,13 mm (Figure 1 ). The combination of inhibition zone information for ciprofloxacin and nalidixic acid showed a sensitivity of 90% and specificity of 92% (AUC 0.933, P .0.05) for isolates with inhibition zones of 13 -21 mm for nalidixic acid and ≤28 mm for ciprofloxacin.
In conclusion, in the absence of QRDR modifications, the presence of PMQR genes can easily be suspected using combinations of specific quinolone inhibition zones to infer its molecular basis. Nalidixic acid alone cannot be used as an indicator of fluoroquinolone susceptibility 7, 8 because hidden PMQR mechanisms are frequently associated with the phenotype being studied here. In daily practice, however, PMQR genes may be suspected using the combination of inhibition zone information for nalidixic acid and ciprofloxacin to rule out the presence of PMQR. Detection of these mechanisms would play a role for epidemiological purposes, to know the trend and to assess the impact in fluoroquinolone resistance prevalence. 
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